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Along with the highly required of green energy resources for environment-friendly applications, 
supercapacitors have attracted much attentions as it bridges the gap between batteries and conventional 
capacitors in the energy and power density field. Among various electrode active materials, Polypyrrole 
(PPy) is one of the most promising pseudo-capacitive materials for high energy storage in electrochemical 
supercapacitors owning to its high specific capacitance, environmental friendliness and low costs. However, 
the relatively low conductivity and poor electrochemical stability have been the paramount obstacle that 
hinders their practical applications.  
Nanoporous gold (NPG) with its unique three-dimensional structure can provide high conductivity and 
large specific surface area as the substrate of PPy polymerization. In this study, we systematically 
investigated the performances of PPy-NPG based supercapacitors in different electrolytes. By using  
PPy-NPG as ideal electrode material for supercapacitors, three different PPy-based supercapacitors were 
fabricated and their electrochemical performances were investigated. It was found that the PPy-NPG hybrid  
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electrode can reach high capacitance in acid aqueous solution. In addition, it can reach wide potential 
window in ionic liquid which is benefit for high energy and power density. In order to reach wide potential 
window in environmentally aqueous solution, we fabricate PPy-NPG//MnO2-NPG based asymmetric 
supercapacitor. The high-performance can be attributed to the combination of excellent electric conductivity 
of nanoporous gold substrate and high capacitance of metal oxide and conducting polymer shell. For 
practical applications, the thick active material with remain high electrochemical performance is required. 
Therefore, the thick PPy-NPG with high specific capacitance was produced by non-equilibrium Au doping. 
The electronic conductivity of PPy was obviously improved by non-equilibrium Au doping. The synthetic 
thick Au@PPy-NPG film electrode possesses ultrahigh specific capacitance and excellent cycling stability.  
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To find out the reason of poor stability of PPy, we systematically investigated the structure changes of 
PPy molecules during charge and discharge process by ex-situ and in-situ NPG enhanced Raman scattering 
analysis. It was found that the lessened oxidation state of PPy is the main reason of the low cycling stability 
of PPy-based supercapacitor. In-situ Raman characterization reveals that the C=C bonds in PPy is 
suspicious to the applied potentials and easily deform during electrochemical cycling, resulting in partly  
irreversible oxidation state of PPy. The result reveals the molecular-scale structure changes of PPy during 
electrochemical cycling and has important implications in understanding the molecular origins of the low 
cycling stability of PPy based supercapacitors for developing high-performance PPy electrodes by improving 
the reversibility of PPy.  
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